Introduction {#S0001}
============

Ultrasound is currently the most useful technique for salivary gland imaging. The glands are routinely evaluated for their size, shape as well as echogenicity and potential focal lesions. Doppler techniques can provide valuable information in some cases, allowing for the assessment of parenchymal blood flow, glandular tissue vascular system and the vasculature of focal lesions^([@CIT0001],\ [@CIT0002])^. Equipment that allows for the visualization of even very small structural changes in the gland as well as knowledge on the wide range of salivary gland pathologies are crucial for the highest possible diagnostic value of ultrasound. Therefore, we present the various aspects of a properly performed ultrasound examination of the salivary glands to reduce the number of difficulties encountered during interpretation.

Equipment {#S0002}
=========

Salivary gland ultrasound requires high-parameter equipment. This requirement is only met by electronic linear transducer approx. 4 cm in length, with a frequency of at least 7 MHz. Broadband transducers with a variable frequency between 7 and 15 MHz are recommended as optimal. The transducers should feature at least 128 transmitter and receiver channels as well as the Doppler option (color and power Doppler). The ultrasound apparatus should be equipped with a high-resolution monitor with at least 256-grade greyscale, image enlargement option as well as distance, area and volume measurement applications^([@CIT0003],\ [@CIT0004])^.

Documentation {#S0003}
=============

The device should additionally feature a color or monochrome videoprinter to ensure proper photographic documentation. New ultrasound devices are also equipped with DVD recorder and an USB input, allowing for the recording of images on a portable flash memory^([@CIT0004])^.

Technique {#S0004}
=========

The parotid glands {#S20005}
------------------

The test is performed in a patient with the head slightly tilted to the left or right for a better exposure of the examined area. The glands are examined in cross-sections -- perpendicular to the mandibular branch and in the axis parallel to the mandibular branch. The superficial parenchyma below the mandibular angle or the deeper-situated parts of the gland, which penetrate towards the parapharyngeal space, should not be omitted. When attempting to trace the parotid duct (Stenson\'s duct), it is advisable to insert a finger in the oral cavity and place it on the inside of the cheek on the papilla, which is an outlet of the parotid duct (under normal conditions the visualization of salivary ducts is often unsuccessful) ^([@CIT0004]--[@CIT0006])^.

Patients referred for salivary gland imaging require an accurate bilateral assessment of the glands and, in many cases, an examination of the entire neck (e.g. to detect enlarged lymph nodes) ^([@CIT0004],\ [@CIT0007])^.

The submandibular and sublingual glands {#S20006}
---------------------------------------

The patient should be placed in a supine position with the head maximally tilted back to ensure free access to the submandibular area. Placing a finger of the other hand in the sublingual area can sometimes help recognize the spatial orientation of the evaluated structures. Furthermore, the patient should, if possible, remove the saliva from the mouth as multiple air bubbles it contains are a common cause of artifacts. The use of Doppler techniques allows to distinguish between vessels (e.g. the facial artery) and the potential dilated intraglandular ducts. This in turn allows for a visualization of increased parenchymal blood flow in acute salivary inflammation and pathological neovascularization in proliferative diseases. If focal lesions are detected, their size and location should be determined. The structure and echogenicity of the lesion should also be described. If possible, color and power Doppler should be performed. In the case of sialolithiasis, it is necessary to trace the visible part of the excretory duct and document the presence of deposits^([@CIT0003],\ [@CIT0004])^.

The sublingual glands are located bilaterally on the oral diaphragm, between the hyoglossus muscle and the mylohyoid muscle. Although these glands often remain unnoticed during a routine examination of this region, their borders can be usually traced in tumors or retention cysts^([@CIT0004])^.

An ultrasound image of normal salivary glands {#S0007}
=============================================

Salivary glands, which are paired organs, are located symmetrically in identical topographical conditions. Since the ultrasonographic image of corresponding glands resembles a reflection in a mirror, their shape and size are comparable under normal conditions^([@CIT0003],\ [@CIT0008])^.

It is difficult to establish clear standards, particularly those regarding the volume and size of the salivary glands. Difficulties determining the standard size of the salivary glands are due to e.g. high inter-subject variability and significant differences in the size of these glands between children and adults. Their actual size measured in different planes seems relatively easy to assess duo to their superficial location and clear borders of normal glandular parenchyma^([@CIT0009])^.

Determination of the parenchymal volume is very difficult and encumbered with a significant error. This is due to the complex shape of these glands, whose soft parenchyma is modeled by the adjacent, more compact structures. Therefore, the shape of the parotid and submandibular glands depends on both, the shape of the mandible and the degree of muscular development (e.g. the masseter muscles or oral floor muscles)^([@CIT0008],\ [@CIT0009])^. The commonly used methods for volume measurement, which are based on a comparison between the evaluated structure and a regular mass generated based on the basic dimensions, proved unsuccessful in the case of salivary glands^([@CIT0009])^.

Normal salivary glands have homogeneous echogenicity, comparable to that of other lobular glands, such as the thyroid. Their vessels are clearly visible and are an important anatomical element. The course of the facial artery can be traced in the submandibular salivary parenchyma, while the retromandibular vein is clearly visible during parotid gland examination. Since it is impossible to visualize the facial nerve within the parotid gland, the location of the retromandibular vein is its valuable topographical landmark^([@CIT0003],\ [@CIT0006],\ [@CIT0010])^.

The intraglandular salivary ducts cannot be seen under normal conditions. Their marked presence is an early symptom of discharge retention and processes leading to increased wall thickness and echogenicity. This occurs in inflammatory processes (including autoimmune inflammatory processes). The excretory ducts of the parotid and submandibular glands (extraglandular) are also invisible under normal conditions, but may be seen after minor compression in the region of their outlet into the oral cavity with a simultaneous stimulation of increased salivary secretion using a food stimulus ^([@CIT0001],\ [@CIT0006],\ [@CIT0008])^.

The intraglandular lymphatic tissue clusters known as the intraglandular lymph nodes, are another anatomical element, which occurs under physiological conditions, but is also very important in salivary pathologies. The size and the number of these hypoechoic structures shows a very high inter-subject variability.

They are most frequently located in the posterior lower pole of the parotid gland and in the region where the submandibular duct exits the parenchyma ([Fig. 1](#F0001){ref-type="fig"}, [2](#F0002){ref-type="fig"}). They are generally spindle-shaped. Furthermore, they often contain centrally located light bands, which correspond to the hilus with vasculature typical of lymph nodes^([@CIT0003],\ [@CIT0007])^.

![Typical, intraglandular lymph node in the parotid gland (indicated by arrowheads)](JoU-2016-0019-g001){#F0001}

![Another intraglandular lymph node in the parotid gland (indicated by arrowheads)](JoU-2016-0019-g002){#F0002}

Sublingual glands are a pair of major salivary glands (unlike small glands scattered throughout the oral cavity), which are most difficult to visualize. They are located on both sides of the tongue on the oral diaphragm between the hyoglossus muscle and the mylohyoid muscle ([Fig. 3](#F0003){ref-type="fig"}). Normal sublingual glands often remain unnoticed against the adjacent isoechoic tissues during a routine examination of this region. They become easily visualized in the case of focal lesions or altered echogenicity in the course of inflammatory processes^([@CIT0001],\ [@CIT0003])^.

![Normal parotid gland (indicated by arrows)](JoU-2016-0019-g003){#F0003}

Salivary gland diseases in ultrasound images {#S0008}
============================================

In most cases, lesions are found in one of the salivary glands. Widespread (viral) infections, salivary gland edema in the course of different systemic diseases and metabolic disorders (known as sialoses) as well as autoimmune diseases are an exception.

Enlargement of one of the salivary glands is easily noticeable due to the different size compared to the corresponding gland as well as a striking change in the shape of the gland. Focal lesions located in the salivary glands are an exception since inflammatory processes and secretory retention also result in rounded and smooth outlines of the gland. This phenomenon allows to identify gland enlargement without the knowledge on its previous size or even despite low values from the measurements performed in typical planes^([@CIT0011],\ [@CIT0012])^.

Salivary gland diseases can be classified into developmental disorders, inflammations, sialoses, tumors and post-traumatic lesions.

An ultrasound image of normal salivary glands is characterized by a homogeneous echogenicity. Pathological salivary glands show altered echogenicity, depending on the type and duration of the disease^([@CIT0012])^.

Salivary gland developmental disorders {#S20009}
--------------------------------------

The most common developmental disorders of the salivary glands are hypoplasia of one of the salivary glands and an accessory buccal salivary gland joined with the excretory duct ([Figs. 4](#F0004){ref-type="fig"}, [5](#F0005){ref-type="fig"}). The hypoplastic picture is quite obvious and only needs to be distinguished from a postinflammatory gland atrophy. The echogenicity of the accessory buccal salivary gland is identical to that of an adjacent parotid gland. In the case of uncertainty, scintigraphy and fine-needle biopsy are of decisive importance^([@CIT0012]--[@CIT0014])^.

![Accessory parotid gland in the cheek](JoU-2016-0019-g004){#F0004}

![Accessory parotid gland in the cheek *(G)* with a visible Stenson duct *(D)* located in its vicinity](JoU-2016-0019-g005){#F0005}

Inflammation of the salivary gland {#S20010}
----------------------------------

The changes in the picture of inflammatory salivary glands depend on the nature of the disease. The image of a salivary gland affected by bacterial infection, which spreads via salivary ducts, is completely different from a salivary gland affected by viral infection, which is of an interstitial nature.

In bacterial inflammation, the parenchymal echogenicity of the salivary gland initially decreases, with an increasing volume of the gland due to edema ([Fig. 6](#F0006){ref-type="fig"}). If the inflammation is chronic, the echogenicity of the gland gradually becomes heterogeneously increased, with strong parenchymal bands of echoes corresponding to fibrosis. Since inflammatory processes often occur secondary to lithiasis, dilated intraglandular and excretory ducts can be observed. It is also often possible to visualize deposits with varying degrees of calcification in their lumen. Calcifications associated with lithiasis mostly affect the submandibular glands ([Figs. 7](#F0007){ref-type="fig"}, [8](#F0008){ref-type="fig"}), whereas they are rarely seen in the parotid glands. Küttner\'s tumor ([Fig. 9](#F0009){ref-type="fig"}), which may be clinically confused with malignancy, is an interesting example of chronic sclerosing inflammation of the submandibular gland. The ultrasonographic image shows a heterogeneous, reduced echogenicity of the affected parenchyma with cirrhosis-like hyperechoic bands of fibrosis^([@CIT0015]--[@CIT0017])^.

![Enlarged right submandibular gland with inflammatory lesions (S). Lingula is indicated by 'J'](JoU-2016-0019-g006){#F0006}

![A deposit (S) (stone) in the proximal segment of the submandibular duct (arrowheads)](JoU-2016-0019-g007){#F0007}

![Multiple small deposits in the junction of the intraglandular ducts of the right submandibular gland](JoU-2016-0019-g008){#F0008}

![Küttner\'s tumor in the right submandibular gland (size: 12 × 9 mm)](JoU-2016-0019-g009){#F0009}

A common inflammation of the salivary glands (mumps) can affect one or a number of salivary glands and is characterized by gland enlargement (edema) as well as heterogeneous and increased echogenicity. Distinct outlines of dilated vessels with increased blood flow are seen in Doppler imaging in all cases of salivary gland inflammation (especially in the acute phase) ([Fig. 10](#F0010){ref-type="fig"}). Unfavorable course of inflammation, especially in immunocompromised patients, may lead to abscess formation in the glandular parenchyma, or even neck phlegmon. In such cases, ultrasound is crucial for the diagnosis and treatment monitoring of these lesions^([@CIT0018]--[@CIT0021])^.

![Recurrent inflammation of the parotid gland](JoU-2016-0019-g010){#F0010}

It should be noted that the inflammatory involvement of salivary glands may result from the processes that occur in their immediate vicinity, e.g. actinomycosis of the neck. Ultrasound images of the inflammatory infiltrate are very characteristic in these cases. The boundaries between the different structures of the affected region usually become completely blurred^([@CIT0022])^.

Salivary gland diseases caused by immune disorders are a special group of inflammatory conditions. They belong to rhe umatic diseases and are governed by the same rules as connective tissue diseases (collagenoses). In the salivary glands, they can manifest as lesions limited to the parotid glands, parotid and submadibular glands or all major salivary glands. In most cases, however, they are associated with lacrimal gland pathology.

Sjögren syndrome and Mikulicz-Radecki syndrome have been distinguished, depending on the course and severity of disease ([Figs. 11](#F0011){ref-type="fig"}, [12](#F0012){ref-type="fig"}). The course of these diseases can vary significantly, with frequent periods of exacerbations and remissions, additionally hindering the diagnosis. Furthermore, the ultrasonographic picture of salivary glands shows significant variability and dynamics. Although it may vary in the same patient in different periods of the disease, the final outcome is basically the same, i.e. adipose tissue atrophy with an increasing volume of proliferative lymphoid tissue. Initially, it resembles multiple small intraglandular lymph nodes. Later, hypoechoic structures (single and grouped) showing ultrasonographic features of reactive lymph nodes occur. In periods of exacerbation, intense blood flow is registered in microvascular systems, which are typical of vessels located in the nodal hilus. The late stages of the disease are characterized by significant parenchymal fibrosis and sparse parenchymal blood flow^([@CIT0023]--[@CIT0025])^.

![Parotid parenchyma in Sjögren syndrome](JoU-2016-0019-g011){#F0011}

![Submandibular gland in Sjögren syndrome](JoU-2016-0019-g012){#F0012}

Sialoses {#S20011}
--------

Sialoses are salivary gland diseases of diverse and not fully explained etiology. They usually coexist with endocrine, metabolic or autonomic disorders. They manifest in salivary gland enlargement and increased parenchymal compactness (usually bilateral).

The ultrasonographic picture of sialoses ([Fig. 13](#F0013){ref-type="fig"}) is not very characteristic. Initially, only enlargement of the gland (usually the parotid gland) is observed. Later stages of the disease resemble chronic inflammation with signs of parenchymal fibrosis. Thickening of the walls of the dilated intraglandular ducts as well as secretory retention areas within the salivary lobules (analogous to the 'orange tree' in sialography) can be also occasionally observed. The echogenicity of the gland is significantly heterogeneous and increased, and the border between the parenchyma and the surrounding tissues gradually becomes blurred^([@CIT0001],\ [@CIT0003],\ [@CIT0026])^.

![A typical picture of parotid sialosis with fibrotic parenchymal bands](JoU-2016-0019-g013){#F0013}

Benign tumors of the salivary glands {#S20012}
------------------------------------

Adenomas are the most common benign tumors of the salivary gland (about 75% of all tumors). In ultrasonography, they usually appear as low-echoic focal lesions with smooth outlines and relatively clear borders. Such description of lesions seemingly provides little information for the diagnosis, but with their diameter of less than 1 cm, it is practically impossible to identify differences in their images. It is only with the passage of time and the growth of the tumor that some features (such as the polycyclic shape or degenerative lesions) characteristic for a certain type of adenoma occur ([Figs. 14](#F0014){ref-type="fig"}, [15](#F0015){ref-type="fig"}, [16](#F0016){ref-type="fig"}, [17](#F0017){ref-type="fig"}). Multiple, synchronous occurrence in one or several salivary glands is the only typical feature of Warthin tumor (lymphatic cystadenoma)^([@CIT0027]--[@CIT0029])^.

![Lymphatic cystadenoma (Warthin tumor). Typical fluid spaces present in the tumor are indicated by arrows.](JoU-2016-0019-g014){#F0014}

![Warthin tumor with a visible cyst](JoU-2016-0019-g015){#F0015}

![Pleomorphic adenoma (mixed tumor) in the parotid gland](JoU-2016-0019-g016){#F0016}

![Multiple recurrence of pleomorphic adenoma. Recurrent foci are indicated by arrowheads.](JoU-2016-0019-g017){#F0017}

For larger tumors, the high resolution of modern ultrasound devices as well as additional data obtained by means of Doppler techniques allow to identify the potential type of adenoma^([@CIT0030],\ [@CIT0031])^.

However, this is of no importance from the clinical point of view as therapeutic management is the same for all benign tumors of the salivary glands. The preoperative diagnosis of the type of tumor is considered valid only if based on cytological assessment of material obtained using ultrasound-guided fine needle aspiration biopsy. Pleomorphic adenoma is the most common tumor of the salivary glands (60--70%), which is usually detected in the parotid gland (60--70% of locations; [Table 1](#T0001){ref-type="table"})^([@CIT0013],\ [@CIT0014],\ [@CIT0032],\ [@CIT0033])^.

###### 

Incidence and location of the most common benign tumors of the salivary glands

                      Incidence                                             Location
  ------------------- ----------------------------------------------------- -----------------------------------
  **Mixed tumor**     70--80% of all benign tumors of the salivary glands   parotid gland in 60--90% of cases
  **Warthin tumor**   5--10% of all benign tumors of the salivary glands    multifocal in 60% of cases

Large size and location of the tumor may affect assessment accuracy. Tumors with a diameter of more than 3--4 cm located in the deep lobe of the parotid gland often require the use of other imaging techniques (magnetic resonance imaging or computed tomography)^([@CIT0003],\ [@CIT0034])^.

Malignant tumors of the salivary glands {#S20013}
---------------------------------------

Salivary gland malignancies are much less common than benign tumors (approximately 10% of all tumors), and the following regularity is observed: the smaller the salivary gland the lower the risk of tumor, but the higher the risk of malignancy. The most common malignant tumors of the salivary glands include adenocarcinomas, squamous cell carcinomas and undifferentiated carcinomas^([@CIT0001],\ [@CIT0035])^.

In ultrasonography, salivary cancers ([Figs. 18](#F0018){ref-type="fig"}, [19](#F0019){ref-type="fig"}) appear as heterogeneously echogenic with uneven, blurred borders. Additionally, the spread of the tumor beyond the gland and invasion of adjacent structures may be observed. It should be noted that malignancies have higher growth dynamics and reach the size typical of a several-year adenoma in a shorter time. Due to regressive changes, which occur in malignant tumors earlier than in most adenomas, small salivary gland tumors already containing degenerative lesions are more suspicious of malignancy. Benign lymphatic cystadenoma (Warthin tumor) with a large cystic component and accompanying inflammatory processes represents a moajor problem in tumor differentiation based on ultrasound. Their image most resembles salivary cancers, and the increased blood flow associated with inflammation often contributes to misdiagnosis^([@CIT0027],\ [@CIT0029],\ [@CIT0036],\ [@CIT0037])^.

![Poorly differentiated carcinoma of the parotid gland -- hypoechoic focus with blurred borders](JoU-2016-0019-g018){#F0018}

![Focus of adenocarcinoma of the parotid gland](JoU-2016-0019-g019){#F0019}

The dominant fluid-filled spaces in some of the Warthin tumors also account for a misdiagnosed salivary gland cyst. It should also be noted that a several-year pleomorphic adenoma or its recurrence after non-radical excision can transform into a malignant form, therefore it seems justified to assess the nature of the tumor based on cytological findings in the first place. An ultrasonographist can determine the size, shape, location and the direction of infiltration of the adjacent tissues as well as the presence and characteristics of satellite lymph nodes^([@CIT0003],\ [@CIT0038])^.

Other focal lesions found in the salivary glands {#S20014}
------------------------------------------------

Other focal lesions found in the salivary glands include cysts and intraglandular lymph nodes affected by inflammation or neoplasms ([Figs. 20](#F0020){ref-type="fig"}, [21](#F0021){ref-type="fig"}). In the case of cysts of the salivary glands, the obtained images are quite clear and the diagnosis does not pose much difficulty. Abnormal lymph nodes cause much more difficulty, and the identification of other lymph nodes in this region may prove useful in the diagnosis^([@CIT0002],\ [@CIT0006],\ [@CIT0007])^.

![Retention cyst in the parotid gland](JoU-2016-0019-g020){#F0020}

![Affected intraglandular parotid lymph nodes in lymphocytic leukemia](JoU-2016-0019-g021){#F0021}

It should also be noted that tumors originating from adipose tissue, nerves or vessels can also occur. The appearance of lipomas and neuromas located within the salivary glands corresponds to those located in other parts of the body, while the diagnosis of vascular malformations and hemangiomas is more complex.

For malformations, the problem mainly concerns the submandibular glands with the facial artery running through their parenchyma. Different anatomical variations are observed in the course of the artery, which, in some of the patients, may be significantly dilated and tortuous in the intraglandular segment. In extreme cases, it should be differentiated from vascular malformations. There are, by definition, many types of hemangiomas. There are differences between venous arterial and lymphatic hemangiomas. The picture of cystic hygroma is most surprising. It usually appears as a very extensive lesion resembling a multi-chambered cyst divided by multiple thin walls, and the salivary glands are only one of the many involved tissues of the neck. All cases of tumors of vascular origin require the use of all Doppler options, which allow to determine the extent of lesions as well as the intensity and the type of blood flow. In some cases, it is possible to identify the major vessels supplying the hemangioma (for embolization purposes) or detect arteriovenous fistulas^([@CIT0001],\ [@CIT0003],\ [@CIT0034])^.

Post-traumatic lesions of the salivary glands {#S20015}
---------------------------------------------

Severe injuries in the region of parotid and submandibular salivary glands can cause intraglandular and subcapsular hematomas. The extravasated blood penetrates in between the lobules of the gland, forming a relatively typical picture of irregular anechoic spaces with a tendency towards changes in the echogenicity occurring over time. This is due to natural phenomena associated with blood clotting and resorption of the lesion^([@CIT0001],\ [@CIT0003],\ [@CIT0006])^.

However, the hematoma may turn into salivary abscess as a result of superinfection. This complication is very serious, therefore disease monitoring becomes another role of ultrasonography. Early detection of abscess and a change in the treatment allow to avoid further complications. The formation of an abscess in the salivary gland produces a non-specific image ([Fig. 22](#F0022){ref-type="fig"}), but as with most inflammatory processes, several characteristic elements can be found, such as enlarged satellite lymph nodes or increased blood flow in the dilated vessels surrounding the irregular anechoic and hypoechoic spaces^([@CIT0001],\ [@CIT0003],\ [@CIT0019])^.

![An abscess in the right parotid parenchyma (indicated by arrowheads)](JoU-2016-0019-g022){#F0022}

Furthermore, other characteristic changes may occur in the salivary gland as a result of injury. These include post-traumatic foreign bodies stuck in the glandular parenchyma. Ultrasound is of particular importance in cases of non-metallic fragments, which cannot be visualized using X-rays. They are clearly visible and easy to locate in the ultrasound image. This type of examination can be performed prior to elective wound revision or even intraoperatively^([@CIT0001],\ [@CIT0039])^.

Ultrasound description^([@CIT0004])^ {#S0016}
====================================

A report from an ultrasound examination should include the date, patients' data as well information on the device used and transducer parameters.

The description should begin with the assessment of the size and echogenicity of the individual glands. In the case of visualized intra- and extraglandular ducts (indicating secretory retention), their maximum diameter values should be reported and, if deposits are found in their lumen, their size should also be reported.

If focal lesions are detected, their maximum size (in three planes), echogenicity and structure (solid, cystic or mixed) should be reported. It is also important to describe the borders of the lesions with the surrounding glandular parenchyma or other tissues. This should be followed by their accurate location, using e.g. landmarks, such as the core, the angle or the branch of the mandible, the mastoid process or characteristic muscles or vessels.

An assessment of parenchymal blood flow in the inflammatory processes as well as the characteristics of the vasculature of focal lesions are another element of description.

The final part of description should include information on the surrounding lymph nodes and, in the case of tumors, an assessment of all accessible neck lymph nodes.

Photographical documentation of all described morphological changes should be an integral part of ultrasonographic examination.

Summary {#S0017}
=======

Recent technical developments in the field of ultrasonography have contributed to new diagnostic possibilities. Improvement in the quality of picture due to both, increased resolution and the expansion of the real-time image by including elements based on Doppler techniques, provide ultrasonographists with an increasingly improved tool. This reinforces the already high position of diagnostic ultrasonography in the assessment of salivary glands among other imaging methods.

The new experience gained through the use of modern equipment allows us to offer clinicians more comprehensive answers to questions from their daily practice. Standardization of ultrasound diagnostics aims to ensure the same level of satisfaction with the cooperation of clinicians and diagnosticians in all centers as well as to facilitate the communication between different centers, where patients have their diagnostic tests performed.

The presented paper goes beyond the limits of previously published Standards of the Polish Ultrasound Society for the ultrasound assessment of salivary glands -- by discussing different aspects of images obtained in different clinical cases. Therefore, it rather represents a kind of illustrated guide on salivary gland pathologies on ultrasonographic images.
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